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Validation Database System

λ Database of ground instruments at
multiple sites

λ Modular software matches satellite
with ground instruments

λ Supports multiple cloud masks
λ Batch and Interactive
λ Standard netCDF output format



Current Validation Sites
λ Atmospheric Radiation Measurement Program (ARM)

λ Explorer of the Seas cruise ship - S.E. Atlantic,
Caribbean Sea

Cruise AreaCruise Area



ARM Instruments

Vaisala Ceilometer
Model CT25k (VCEIL)

Micropulse Lidar (MPL)

Millimeter Wavelength
Cloud Radar (MMCR)

Whole Sky Imager



Cruise Ship Instruments

Vaisala Ceilometer, Total Sky Imager



Instrument Data
λ Cloud cover +/- 15 min of overpass

λ Vaisala Ceilometer

λ Micropulse Lidar
λ Millimeter Wavelength Cloud Radar

λ Active Remote Sensing of Clouds

λ Whole / Total sky imager - direct
λ Normal Incidence Pyrheliometer (NIP)

effective optical depth from Climate
Monitoring & Diagnosis LAB (CMDL)



Validation of Cloud Masks

λ Extract satellite data for ground sites
and create cloud masks

λ Extract matching surface data for
satellite overpass

λ Compute cloud cover for satellite cloud
masks and ground instruments
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New UAH 100

Ceil 100
MPL 100
MMCR 100
ARSCL 100

EOD >2.1



New UAH 52

Ceil 100
MPL 100
MMCR 100
ARSCL 100

EOD 1.2



New UAH 100

Ceil 0
MPL 50
WSI 3
ARSCL 0

EOD 0.3

SZ 70
VZ 55



New UAH 0

Ceil 0
MPL 71
WSI 1
MMCR 100
ARSCL 0

EOD 0.3
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CERES 93
Old UAH 17
New UAH 98

Ceil 100
MPL 100
ARSCL 100

EOD 1.2
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R 0.6
G 1.6 
B 11 flip



CERES 19
Old UAH 0
New UAH 83

Ceil 96
MPL 100
ARSCL 100

EOD 0.6

2



CERES 23
Old UAH 8
New UAH 97

Ceil 4
MPL 92
ARSCL 87

EOD 0.3
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Problems and Uncertainties

λ Surface Instruments generally detect
more cloud than satellite cloud masks

λ instrument sensitivity and limitations
λ point sampling over time vs. spatial average

λ Timing issues and cloud movement
λ Thin/high clouds over bright surfaces

(snow/ice) with EOD < ~0.6
λ High viewing and solar zenith angles



Conclusions

λ Cloud masks compare favourably
λ 70-85% agreement with ground data
λ EOD Analysis determines detectable

limits of thin cloud ~0.6
λ Some surface instruments are more

sensitive to thin cloud than masks
λ Validation requires multiple instruments
λ Determine importance of thin clouds



Future Work

λ Expand database - sites, instruments
λ Journal paper on validation and optical

depth analysis is underway
λ Refine interpretation of instrument data
λ Distribute database and code
λ Free IVICS visualization software

λ http://www.nsstc.uah.edu/ivics
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